μ Opioid Receptor-Triggered Notch-1 Activation Contributes to Morphine Tolerance: Role of Neuron-Glia Communication.
The development of analgesic tolerance to opioids is an important limitation in the management of chronic pain. Spinal cord glial cell activation appears to play a pivotal role in the development and maintenance of opioid tolerance, indicating the presence of an opioid-induced neuronal-glial interaction; however, how opioids drive this cross-talk is still elusive. In search of treatments to attenuate morphine analgesic tolerance, our research focused on the role of Notch signaling pathway, one of the most important mechanisms of cell-to-cell interactions, in the spinal dorsal horn after morphine repeated exposure and whether Notch inhibition attenuates morphine analgesic tolerance. Double immunofluorescence experiments on spinal sections from morphine-tolerant mice showed a neuronal localization of Notch-1 receptor whereas the Notch ligand Jagged was localized on neighboring astrocytes. Morphine-induced μ opioid receptor (MOR) stimulation triggered Notch-1 signaling activation and this event was mediated by astrocyte JNK activation. Notch-1 activation selectively reduced the expression of histone deacetylase (HDAC)-1, resulting in an overphosphorylation of PKC and ERK, kinases involved in MOR phosphorylation and internalization after repeated morphine exposure. Notch-1 signaling inhibition, through intrathecal administration of the γ-secretase inhibitor, DAPT, counteracted PKC and ERK overphosphorylation, MOR internalization, and analgesic tolerance. Conversely, the HDAC-1 inhibitor, LG325, further aggravated MOR internalization, PKC overphosphorylation, and analgesic tolerance.Our findings implicate the MOR-triggered Notch-1 signaling in promoting MOR internalization and morphine analgesic tolerance by epigenetic regulation mechanisms. These data suggest that Notch-1 inhibitors could represent an innovative therapeutic perspective for the management of opioid tolerance in chronic pain therapy.